The alkaline phosphatase located in the brush-border niembrane of chick kidney proximal-tubule cells is catalytically active in a tetrameric form (M, 270000) and in a dimeric form (M, 150 000) (Mussarat & Butterworth, 1984) . The native state of the enzyme is probably tetrameric, but it is difficult to be certain of this when alkaline phosphatase is attached to the plasma membrane.
We describe some kinetic properties of the tetramer and compare them with those reported for well-characterized mammalian kidney alkaline phosphatases.
The enzyme was purified from kidneys removed from 3-week-old chicks by the method previously described (Mussarat & Butterworth, 1984) . The specific activity of the preparation was approx. 4pmol/min per mg of protein when assayed at 30°C with 2.5 mM-p-nitrophenyl phosphate in 0.1 M-diethanolamine buffer, pH 9.5, containing 1 mM-Mg2+. This assay system was used throughout, except where indicated below.
Chick kidney alkaline phosphatase is greatly stimulated by Mg2+ ions. The stimulation involves an increase in Vmw, with no action on K,, which has a value of 1 * 0.3 mM at pH 9.5. Mg" seems to be an essential activator, with a K , value of 0.1 3 mM. This is much greater than the comparable value of 1.2 pM for pig kidney alkaline phosphatase (Ahlers, 1975) . The chick enzyme is potently inhibited by Zn2+ ions. The inhibition is classical nun-competitive, with a K , value of 6yM. Studies of Zn2+ inhibition in the presence of Mg2+ and of activation by Mg2+ in the presence of Zn2+ gave results that suggest that the metal ions interact with alkaline phosphatase independently. Mgz+ has no effect on the Ki value for ZnZ+. It is unlikely, therefore, that inhibition by Zn2+ arises from competition with Mg2+ for an essential activation site.
Chick kidney alkaline phosphatase is also inhibited noncompetively by levamisole, with a Ki of 0.2mM. The pattern of inhibition resembles that seen with mammalian kidney phosphatase but the chick enzyme is less sensitive to levamisole; the Ki for mammalian kidney is approx. lOpM (McComb cral., 1979) .
As expected for an alkaline phosphatase, Vmm. is pHdependent, showing an optimum at pH 9.5 at 2.5mM substrate concentration and with the presence of 1 mMMg2+ ions. Studies of the variation with pH of V, , . , activation by Mgz+ and inhibition by levamisole revealed that all these kinetic parameters are pH-sensitive. Analysis of the kinetic data by the weighted regression method of Wilkinson (1961) reveals that two ionisable groups, of p K 8.0 and 10.5, are important for all of the kinetic parameters studied.
Chicken bone enzyme has been purified extensively and some of its kinetic properties are available for comparison with chick kidney phosphatase (Cyboron & Wuthier, 1981) . Levamisole inhibits chicken bone phosphatase with a Ki of 0.32mM, i.e. not dissimilar from chick kidney but the pattern of inhibition is uncompetitive. Also, the bone enzyme is reported t o be insensitive to Mgz+ ions (Cyboron & Wuthier, 1981) . These differences suggest that bone and kidney alkaline phosphatases are not expressed by a single gene in avian species, contrary to the situation existing in mammals (Moss, 1982) . thrombin 111 complex (Yguerabide, 1972) . The same data can be used t o determine the lifetimes of the dye in both conjugates. The FAM had lifetimes of 5 ns and 11 ns in both cases. These results show that the equilibrium anisotropy of FAM-thrombin would be a reliable reporter of complex formation for kinetic studies of this reaction.
BIOCHEMICAL SOCIETY TRANSACTIONS
The reaction may be followed by the measurement of the fluorescence polarization of FAM-thrombin. A value for the bimolecular rate constant of the uncatalysed reaction o f 3.2 x lo3 M-' s-' was obtained.
Heparin has been shown t o catalyse this reaction. To determine the K, values of heparin for thrombin and antithrombin 111, and the V, , . , for the heparin-catalysed reaction, the steady-state rate of complex formation was recorded as the concentrations of thrombin and antithrombin 111 were varied (Fig. 1) . In these experiments the uncatalysed rate was significant and had t o be subtracted. From these data the following values for the steady state kinetic constants were obtained: K , (thrombin) = 0.2pM, K , (anti-thrombin 111) = O.SpM, vm,, = 1.2 x lo3 p M m1n-l mg-' and a value for kmt of 0.7 s-'. The doublereciprocal plots are consistent with those expected from an enzyme reaction proceeding via a ternary complex. The value for V, , . , and thus k,,, is affected by the fact that the heparin used was not fractionated into high-and lowaffinity heparin. Varying the concentration of heparin at fixed concentrations of thrombin and anti-thrombin gave an estimate of k,, of 0.54s-'. This value agrees closely with the value stated above.
High-affinity heparin was prepared from the standard heparin by the method of Hook et al. (1976) . The results obtained with this fractionated heparin, in an experiment equivalent t o that described above, gave a value for k,, of 1.7 s-'. This value accords with that stated by Olson & Shore in 1983 (= 4 s-l) considering that a different heparin preparation was used.
In 1982, Olson & Shore suggested that heparin catalyses the thrombin/anti-thrombin I11 reaction simply by providing a surface for approximating the two reacting proteins. Bearing this in mind, it is interesting to note that we have found the temperature dependence of both the catalysed and the uncatalysed reaction t o be indistinguishable, showing that the activation energy of the ratedetermining step is the same, and has a value of 69 kJ/mol. This also suggests that the rate determining step of thc heparin-catalysed reaction must occur within the ternary complex.
